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The contributions of a second Higgs doublet to the electron electric dipole moment near
the heavy Higgs decoupling limit are determined within an effective field theory framework.
In models that satisfy the Glashow-Weinberg condition, the leading contributions in this
limit at effective dimension six are shown to come from two-loop Barr-Zee diagrams that
include only internal Standard Model gauge bosons, third-generation fermions and the Stan-
dard Model-like Higgs boson. Additional contributions from two-loop Barr-Zee diagrams
that include heavy Higgs bosons are sub-leading and contribute only at effective dimension
eight near the decoupling limit. This simplification implies that to leading order in this
limit, contributions of a second Higgs doublet to the electron electric dipole moment can
be couched entirely in terms of the ratio of Higgs doublet expectation values and a single
universal phase appearing in the effective couplings of the Standard Model-like Higgs boson
to fermions, without direct reference to the heavy Higgs boson masses or couplings. The
bound on the electron electric dipole moment from the ACME II experiment constrains
the phases of the couplings of the Standard Model-like Higgs boson to up-type quarks and
leptons at the part per mil level in Type I and IV two Higgs doublet models. In Type II and
III models these phases are constrained at the two parts per mil or better level except in
a tiny sliver of parameter space with nearly equal Higgs doublet expectation values where
destructive interference among contributing diagrams happens to occur. In a more general
phenomenological parameterization with individual effective phases in the couplings of the
Standard Model-like Higgs boson to third generation fermions and the electron, the top
quark and electron coupling phases are constrained at the part per mil level except in tiny
slivers of parameter space, while the bottom quark and tau-lepton coupling phases are
constrained only at the thirty percent level.
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1 Introduction
Discovery of the Higgs boson at the Large Hadron Collider (LHC) [1, 2] has opened up a
new experimental window into the physics responsible for electroweak symmetry breaking.
Cross section times branching ratio measurements of the various Higgs boson production
and decay channels that have been isolated in LHC data provide a wealth of information
about the coupling strengths of the Higgs boson to individual third-generation fermions
and massive vector bosons [3–12]. Additional and complementary information on the Higgs
sector may be extracted from the short distance effects of the Higgs boson in high-precision,
low-energy experiments. In this work, we study the effects of parity (P) and time reversal
(T) violation in the Higgs sector on the electron electric dipole moment (eEDM). We
focus on this particular observable, first because it has been recently probed with exquisite
sensitivity in the Advanced Cold Molecule Electron EDM thorium monoxide experiment
ACME II [13], and second unlike the neutron electric dipole moment or Schiff moments of
nuclei, it does not suffer large hadronic matrix element uncertainties.
P and T violation arise in many extensions of the Standard Model, and T violation in
the Higgs sector is particularly important for theories of electroweak baryogenesis [14–30].
The bulk of this work is dedicated to studying theories in which P and T violation can
be parametrized by a non-minimal Higgs sector extended to include a second Higgs dou-
blet [31–33]. We further specialize in Two Higgs Doublet Models (2HDM) with Glashow-
Weinberg conditions (types I-IV) [34], since such theories are protected from strongly
constrained flavor changing neutral currents [35]. In an appendix, we also discuss other
parametrizations allowing for P and T violation in the individual Higgs Yukawa interac-
tions with the electron, tau, top and bottom fermions, which arise in a variety of popular
models as the aligned 2HDM [36,37] and in theories of electroweak baryogenesis [17, 19].
In the 2HDM with Glashow-Weinberg conditions, the current generation of Higgs boson
cross section times branching ratio measurements requires proximity to the limit in which
the couplings of the 125 GeV Higgs boson are aligned with the Standard Model expecta-
tions [38]. One way in which alignment can be obtained is in the heavy Higgs decoupling
limit. In this limit, the additional Higgs bosons beyond the Standard Model-like Higgs
boson are made heavy by taking combinations of the dimensionful relevant Higgs poten-
tial parameters large, holding the dimensionless marginal interactions and measured Higgs
sector parameters fixed [39, 40]. Near this limit the couplings of the Standard Model-like
Higgs boson are nearly aligned with those of the Standard Model Higgs boson.
Near the decoupling limit, the ratio of electroweak condensate to the masses of the heavy
Higgs bosons provides a small decoupling parameter in which to analyze the contributions
to the eEDM. In the exact decoupling limit the contributions of the second doublet to
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the eEDM vanish, while near the decoupling limit the contributions to the eEDM may be
organized as an expansion in the small decoupling parameter. A systematic method to
obtain this expansion is to use effective field theory (EFT). In this approach, the heavy
Higgs doublet is integrated out and the short-distance effects on the low energy theory are
organized in an operator product expansion (OPE) controlled by the operator’s effective
decoupling dimension [41]. In this work, we obtain the contributions from the second
doublet to the eEDM at leading order (effective-dimension six) in the OPE, or equivalently,
at leading order in the small decoupling parameter. We do not study the regime in which
the masses of the extra Higgs bosons are comparable or smaller than the scale of the
electroweak condensate. In this case, alignment may be achieved without decoupling, and
a different analysis of the eEDM is needed [38,42–44]. 1
Near the decoupling limit, the EFT approach allows us to identify considerable simpli-
fications in the calculation of the eEDM within the types I-IV 2HDM. The most important
result is that at effective-dimension six, P and T violation in the eEDM (or any other
low energy observable) may be completely described by only two parameters, in addition
to measured Standard Model couplings and masses. The first parameter is the ratio of
the two Higgs doublet expectation values, tan β. The second parameter is a single P-
and T-violating effective phase, which may be very simply expressed in terms of a unique
combination of relevant and marginal couplings of the two Higgs doublet potential. This
unique phase appears exclusively in effective dimension-six cubic Yukawa interactions of
the light Higgs doublet with fermions. Other operators containing different P- and T-
violating combinations of 2HDM parameters, including the unknown individual masses of
the heavy Higgs states, are suppressed at effective dimension-six and only arise at effective-
dimension eight. In particular, we show that P and T violation from heavy-Higgs mediated
four-fermion interactions, arises only at effective-dimension eight due to a GIM cancella-
tion between the contributions of the two heavy neutral Higgs bosons to the operator’s
coefficients.
Using our results and the latest ACME II eEDM experimental limits, we severely con-
strain P and T violation in all types I-IV 2HDM. We find that in all the types of 2HDM
near the decoupling limit, the P- and T-violating part of the Higgs coupling to any fermion
is constrained to be approximately less than 10−3 times the corresponding Standard Model
Yukawa, with two exceptions. First, large P- and T-violating Higgs-fermion interactions
are still allowed in the types II-III 2HDM in a narrow region around tan β ' 1.3, where
destructive interference between different contributions to the eEDM arises. Second, the
1Even if alignment is ensured, moderate heavy Higgs decoupling is still required in the types II-III 2HDM
for all values of tanβ and in the types I-IV 2HDM at low tanβ, for consistency with flavor bounds [49].
2
Higgs coupling with bottom quarks may still have a significant P- and T violating part in
the type IV 2HDM at large tan β.
Finally, and going beyond the types I-IV 2HDM, in an appendix we also briefly discuss
ACME II limits on theories that can be parametrized by P and T violation in the indi-
vidual Higgs Yukawa interactions with the electron, tau, top and bottom fermions. We
find that, excepting regions where interference between the contributions to the eEDM
from the different P- and T-violating Yukawa interactions arises, P and T violation in the
electron and top Yukawas is constrained to be less than 2.0×10−3 and 1.3×10−3 times the
corresponding Standard Model Yukawa. P and T violation in the bottom and tau Yukawas
may still be considerable, at the level of ' 0.3 times the corresponding Standard Model
Yukawa.
This paper is organized as follows. In section 2 we present the Naturally Flavor Con-
serving 2HDM and define notation. In section 3 we study P and T violation in the effective
theory obtained by integrating out the heavy second Higgs doublet. In section 4 we obtain
the leading order contributions to the eEDM for the types I-IV 2HDM using the EFT
description, and we use the recent ACME II limits to set constraints on P and T violation
on the types I-IV 2HDM. In section 5 we discuss the general conclusions of our work. Ap-
pendices A-C are dedicated to technicalities. Finally, in appendix D we present limits on
P and T violation in the individual Higgs Yukawa interactions with the electron, tau, top
and bottom fermions for generic theories beyond the 2HDM.
2 Naturally flavor conserving two-Higgs doublet Higgs
sector
We consider a Higgs sector containing two doublets Φa, a = 1, 2, with hypercharge +1.
The most general Lagrangian density at the renormalizable level for the two doublets and
Standard Model fields is
DµΦ
†
aD
µΦa − V (Φ1,Φ2)−
[
λuaij QiΦau¯j − λd†aijQiΦcad¯j − λ`†aijLiΦca ¯`j + h.c.
]
, (1)
where the most general renormalizable potential for the two doublets is
V (Φ1,Φ2) = m
2
1Φ
†
1Φ1 +m
2
2Φ
†
2Φ2 −
(
m212Φ
†
1Φ2 + h.c.
)
+
1
2
λ1(Φ
†
1Φ1)
2
+
1
2
λ2(Φ
†
2Φ2)
2 + λ3(Φ
†
1Φ1)(Φ
†
2Φ2) + λ4(Φ
†
1Φ2)(Φ
†
2Φ1)
+
[
1
2
λ5(Φ
†
1Φ2)
2 + λ6(Φ
†
1Φ1)(Φ
†
1Φ2) + λ7(Φ
†
2Φ2)(Φ
†
1Φ2) + h.c.
]
. (2)
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Here we consider the case in which the 2HDM potential leads to the usual spontaneous
gauge symmetry breaking pattern, SU(2)L × U(1)Y → U(1)em. The corresponding gauge-
invariant condensates for the fields Φ1,Φ2 are defined as
v21
2
≡ 〈Φ†1Φ1〉 ,
v22
2
≡ 〈Φ†2Φ2〉 ,
v212
2
≡ 〈Φ†1Φ2〉 , v21 + v22 ≡ v2 , (3)
where v1 and v2 are real, v12 is in general complex, and v = 246 GeV. We also define the
ratio of the vacuum expectation values tan β and the relative phase of the condensates ξ
tan β ≡ v2
v1
, Arg〈Φ†1Φ2〉 ≡ ξ2 − ξ1 ≡ ξ . (4)
Generically, the two-Higgs doublet theory leads to tree-level flavor-changing neutral cur-
rents (FCNC’s) mediated by the neutral Higgs bosons, which are strongly constrained
experimentally. Such tree-level FCNC’s are avoided in two Higgs doublet theories with
Glashow-Weinberg conditions [34], by requiring that each fermion representation acquires
mass from only one of the two Higgs doublets. This condition ensures that in the fermion
mass eigenbasis the Yukawa matrices coupling neutral Higgs states to fermions are diago-
nal, and may be imposed by assigning different charges under a discrete symmetry to the
two doublets. 2 The discrete symmetry also enforces that in the Higgs potential two of the
quartic couplings vanish, namely
λ6 = λ7 = 0 . (5)
Glashow-Weinberg conditions lead to four possibilities for the fermion Yukawas of the two
doublets, referred to as the types I-IV two Higgs doublet theories. The four possibilities
are:
• Type I: all fermions couple only to one doublet λu,d,`1 = 0.
• Type II: up-type quarks couple to one doublet, down-type quarks and leptons couple
to the other doublet, λu1 = λ
d
2 = λ
`
2 = 0.
• Type III: quarks couple to one doublet, leptons couple to the other doublet, λu1 =
λd1 = λ
`
2 = 0.
• Type IV: up-type quarks and leptons couple to one doublet, down type quarks to the
other, λu1 = λ
d
2 = λ
`
1 = 0.
2Discrete symmetries only ensure the absence of tree-level FCNC’s at leading order in a chiral expansion.
For a review of higher order effects we refer the reader to [35].
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In the four types I-IV 2HDM, the Yukawa matrices are completely specified by the fermion
mass matrices, the Higgs condensate v = 246 GeV, the ratio of the vacuum expectation
values tan β and the condensate phase eiξ, so they do not introduce additional indepen-
dent parameters to the theory beyond the ones already contained in the 2HDM potential.
Explicit expressions for the Yukawa matrices may be found in [41].
In this work, we study the contributions of the four types of 2HDM with Glashow-
Weinberg conditions to the eEDM. Two Higgs doublet models with Glashow-Weinberg
conditions have a unique PQ invariant P- and T-violating phase, which may be measured
in the eEDM. This phase may be chosen to be the relative phase between the complex
quartic coupling and the condensate phase Arg(λ5e
2iξ). For brevity, for the rest of this
work we refer to P and T violation simply as T violation, with the understanding that
breaking of both symmetries is intended when referring to the 2HDM P- and T-violating
phase.
The leading contributions of the 2HDM to the eEDM come from two-loop Barr-Zee
diagrams with neutral Higgs mass eigenstates in the loops [50–54]. The neutral Higgs
mass eigenstates are admixtures of the neutral components of the doublets Φ1,2, so their
masses and couplings are usually obtained in a unitary mixing approach, diagonalizing the
3 × 3 neutral scalar mass-squared matrix. The Barr-Zee diagrams mediated by the Higgs
scalars depend on a combination of tan β, the three neutral Higgs masses and three mixing
angles, which in turn depend on complicated non-linear combinations of 2HDM parameters,
including the T-violating phase Arg(λ5e
2iξ). As a consequence, available studies of the
eEDM within a unitary mixing description are presented slicing the multi-dimensional
2HDM parameter space [23,45–48], keeping some of the parameters fixed.
An alternative approach to the unitary mixing description may be used near the de-
coupling limit. In this limit, the masses of the extra Higgs bosons H,A,H± lie all close
to a heavy scale mH ≈ mA ≈ mH± , which is much larger than the electroweak scale
mH  mh = 125 GeV. Integrating out the heavy Higgs bosons leads to an effective theory
(EFT) organized in an operator product expansion. In the next section, we follow this EFT
approach and we identify the T-violating operators contributing to the eEDM, coming from
integrating out the heavy Higgs bosons of the 2HDM. In this way, we will show that near
the decoupling limit, several simplifications in the analysis of T violation in the types I-IV
2HDM arise.
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3 Dimension-six T-violating effective operators
In the decoupling limit, the heavy Higgs states may be integrated out, and the low energy
theory contains a single Higgs doublet H. The modifications to the Standard Model from
integrating out the heavy doublet are organized in an operator product expansion controlled
by an effective operator dimension that counts powers of suppression by the heavy Higgs
mass scale [41]. The effective operator dimension nE is defined by
nE = 4− nm2H , (6)
where nm2H corresponds to the number of powers of the heavy scale m
2
H in the operator’s
coefficient. In this work, we work up to effective dimension-six. Effective dimension-six
operators capture the leading order corrections to the Standard Model in an expansion in
powers of the electroweak scale over the heavy Higgs mass scale. The effective dimension-
six low energy effective theory obtained from integrating out the heavy Higgs bosons at
tree level is [41]
DµH
†DµH − V (H)−[
QiH
(
λuij + η
u
ijH
†H
)
u¯j −QiHc
(
λd†ij + η
d†
ijH
†H
)
d¯j − LiHc
(
λ`†ij + η
`†
ijH
†H
)
¯`
j + h.c.
]
+ Ω
uu (0)
ijmn (Qiu¯j)(u¯
†
mQ
†
n) + Ω
dd (0)
ijmn (Qid¯j)(d¯
†
mQ
†
n) + Ω
`` (0)
ijmn(Li
¯`
j)(¯`
†
mL
†
n)
+
[
Ω
d` (0)
ijmn(Qid¯j)(
¯`†
mL
†
n) + Ω
ud (2)
ijmn (Qiu¯j)(Qmd¯n) + Ω
u` (2)
ijmn(Qiu¯j)(Lm
¯`
n) + h.c.
]
. (7)
The coefficients of the dimension-six operators in (7) and the dimension-six Higgs potential
V (H) are given in [41] for all the types I-IV 2HDM. In what follows we concentrate on
studying T violation in the effective theory. The effective theory (7) contains only two
T-violating dimension-six operators: four-fermion and cubic Higgs Yukawa operators. We
now discuss the effects of each operator.
We start with the four-fermion operators. In [41] it was found that for all the types
I-IV two Higgs doublet UV completions, the two Higgs doublet theory T-violating phase
Arg(λ5e
2iξ) does not lead to T violation in the four-fermion operators at effective dimension-
six, due to a GIM cancellation. We now reproduce a proof of this feature by calculating
the different contributions to the four-fermion operator coefficients from each one of the
heavy Higgs bosons. The dimension-six four-fermion operator coefficients depend on the
heavy-Higgs Yukawas and the heavy Higgs masses. To keep track of the PQ invariant
6
T-violating phase we work with PQ invariant heavy-Higgs Yukawas. They are given by
λfHij ' e−
i
4
Arg(λ5e2iξ)
mfij
v
(v2 − v2f )1/2
vf
[
1 +O
(
λv2
mH2
)]
,
λfAij ' ie−
i
4
Arg(λ5e2iξ)
mfij
v
(v2 − v2f )1/2
vf
[
1 +O
(
λv2
mH2
)]
,
λfdf¯uH+ij ' e−
i
4
Arg(λ5e2iξ)
√
2mfuij
v
(v2 − v2f )1/2
vf
[
1 +O
(
λv2
mH2
)]
,
λfuf¯dH+ij ' e−
i
4
Arg(λ5e2iξ)
√
2mfdij
v
(v2 − v2f )1/2
vf
[
1 +O
(
λv2
mH2
)]
, (8)
where vf is the vacuum expectation value of the Higgs doublet giving mass to the fermion
f = u, d, `, so (v2 − v2f )1/2/vf is cot β or tan β depending on the type of 2HDM. In Eq.
(8) we neglect overall signs shared by the Yukawas of the two neutral heavy Higgses, and
overall signs of the charged Higgs Yukawas, which are not important for this discussion.
The higher order corrections to Eq. (8) come suppressed by powers of λv2/mH
2, where
for the rest of this work λ represents a combination of marginal Higgs potential couplings.
These corrections are not relevant for obtaining the dimension-six four-fermion operator
coefficients. It is important to note that all the Yukawas share the same factor of the
universal T-violating phase, e−
i
4
Arg(λ5e2iξ).
We start by integrating out the charged Higgs. This generates dimension-six four-
fermion operators with coefficients
Ωff
′ ∼ λ
ff¯ ∗
H+ λ
f ′f¯ ′
H+
m2H±
, (9)
in which the universal phase e−
i
4
Arg(λ5e2iξ) cancels trivially. Integrating out the heavy scalar
Higgs H leads to four-fermion operators with coefficients proportional to ∼ λfH λf
′
H and
∼ λfH λf
′ ∗
H . While in the latter the 2HDM T-violating phase cancels out, the former four-
fermion operators have T-violating coefficients of the form
Ωff
′ ∼ λ
f
H λ
f ′
H
m2H
∼ e− i2 Arg(λ5e2iξ) m
fmf
′
/v2...
m2H
. (10)
Finally, integrating out the heavy pseudoscalar Higgs A also leads to T-violating four-
fermion operators with coefficients similar to Eq. (10), but with relative minus signs
Ωff
′ ∼ λ
f
A λ
f ′
A
m2A
∼ i2e− i2 Arg(λ5e2iξ) m
fmf
′
/v2...
m2A
= −e− i2 Arg(λ5e2iξ) m
fmf
′
/v2...
m2A
. (11)
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At lowest order in the decoupling parameter H and A are degenerate, mH ∼ mA, so at
effective dimension-six the two T-violating four-fermion operator coefficients Eq. (10) and
(11) cancel out via a GIM mechanism in the Higgs sector, as advertised above. Note that
the CKM phase does appear in effective dimension-six four-fermion operators, since it is
contained in the quark mass matrices, but its effects in the eEDM are strongly suppressed
by the Jarlskog invariant [55], and are neglected in what follows.
Type I Type II Type III Type IV
ηu
=
1√
2m2H
sin 2β
[
λ1 cos
2 β − λ2 sin2 β −
λ345 cos 2β + iIm(λ5e
2iξ)
]
×
cot β cot β cot β cot β
ηd cot β − tan β cot β − tan β
η` cot β − tan β − tan β cot β
Table 1: Operator coefficients for the effective dimension-six cubic Yukawa operators for
the types I-IV 2HDM UV completions leading to the effective theory (7). The operator
coefficients are given by ηfij = η
fmfij/v, f = u, d, `, and we use the definition λ345 ≡
λ3 + λ4 + λ5.
The only remaining T-violating dimension-six operators are the cubic Higgs Yukawas,
coupling three insertions of the Higgs doublet field with Standard Model fermions. The
coefficients of the cubic Yukawa operators are given in table 1. The relative phase between
the fermion mass matrix mfij and the cubic Yukawa spurion η
f
ij leads to T violation in the
Higgs-fermion interactions. We define the Higgs boson Yukawa couplings to up-type quarks,
down-type quarks and leptons in the Lagrangian according to the conventions in [41],
− h(λuhij uiu¯j + λd†hij did¯j + λ`†hij `i ¯`j + h.c.) , (12)
where the Higgs boson Yukawas are given by
λfhij =
mfij
v
[
1 + 2
(
ηf
2
√
2
)
v2 +O
(
ηfλ2v4
m2H
,
λ2v4
m4H
)]
. (13)
and the cubic Yukawa coefficients ηf for each fermion are given in table 1. Committing to
the fermion mass eigenbasis mfij = δijm
f
i with real mass eigenvalues m
f
i , the Higgs boson
Yukawas may be written as
λfhij = δij
mfi
v
( 1 + κf ) , (14)
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where κf are complex coupling modifiers given in table 2 for each type of fermion. The
imaginary part of the complex coupling modifiers κf represents T violation in the Higgs
boson Yukawas. By inspecting table 2, we see that all T violation in the Higgs-fermion
interactions for the types I through IV 2HDM, may be couched in terms of the ratio of the
Higgs doublet expectation values tan β, and a single effective phase δhff¯ defined as
sin δhff¯ ≡ −
1
2
sin(2β) Im(λ5e
2iξ)
v2
m2H
. (15)
Note that as expected, the effective phase δhff¯ vanishes in the exact decoupling limit, and
depends on the unique PQ invariant T-violating phase of the two Higgs doublet theory
Arg(λ5e
2iξ). The effective dimension-six T-violating phase δhff¯ may be expressed entirely
in terms of Higgs potential couplings, as shown in appendix C. The result is
sin δhff¯ =
1
2
sin 2β|λ5| sin Arg
(
m412λ
∗
5
) v2
m2H
[
1 +O
(
λv2
m2H
)]
=
tan β
1 + tan2 β
|λ5| sin Arg
(
m412λ
∗
5
) v2
m2H
[
1 +O
(
λv2
m2H
)]
, (16)
where in the last line we simply replaced sin 2β = 2 tan β/(1 + tan2 β).
The cubic Higgs operator also leads to short-distance interactions between two and
three Higgs bosons and two Standard Model fermions, which also violate T due to the same
effective phase δhff¯ . These interactions are not relevant for the calculation of the eEDM
at two-loops and are not discussed any further in this work. Summarizing, we find that all
T violation beyond the CKM phase at dimension-six in the effective theory, for the types
I-IV two Higgs doublet UV completions, is entirely due to the single effective dimension-six
phase Eq. (16) contained exclusively in the Higgs-fermion interactions. This leads to a
considerable simplification of the analysis of the eEDM within the 2HDM, discussed in the
next section.
We conclude this section by briefly commenting on the Higgs-gauge boson and gauge
boson-fermion couplings, which are relevant for the calculation of the eEDM. In the effective
theory (7) there are no operators with Higgs doublets and gauge bosons, so we immediately
see that the Higgs boson couplings to gauge bosons are left unmodified with respect to their
Standard Model values at effective dimension-six,
ghV V =
2m2V
v
[
1 +O
(
λ2v4
mH4
)]
. (17)
Finally, note that the heavy Higgs bosons do not have trilinear couplings to two gauge
bosons at leading order in the decoupling parameter, since near the decoupling limit they
9
reside in the Higgs doublet that does not participate in electroweak symmetry breaking,
g(H,A,H±)V V = O
(
λ2vm2V
mH2
)
. (18)
Due to the absence of heavy Higgs-gauge boson trilinear couplings, the effective theory (7)
does not contain short distance dimension-six interactions with two gauge bosons and two
fermions.
Type I Type II Type III Type IV
Reκu
=
1
2
sin 2β(λ1 cos
2 β − λ2 sin2 β
−λ345 cos 2β) v2m2H ×
cot β cot β cot β cot β
Reκd cot β − tan β cot β − tan β
Reκ` cot β − tan β − tan β cot β
Imκu
=
1
2
s2β Im(λ5e
2iξ)
v2
m2H︸ ︷︷ ︸
≡ − sin δhff¯ cf. Eq. (15)
×
cot β cot β cot β cot β
Imκd cot β − tan β cot β − tan β
Imκ` cot β − tan β − tan β cot β
Table 2: Higgs Yukawa coupling modifiers for the up-type quarks, down-type quarks and
leptons at effective dimension-six for the types I-IV 2HDM. The coupling modifiers are
defined in Eq. (14). In the table, λ345 ≡ λ3 + λ4 + λ5, and we omit terms of order
O(v4/m4H), which represent corrections of effective dimension-eight. Note that in the 2HDM
with Glashow-Weinberg conditions the coupling modifiers are family-universal, i.e., they
are the same for the three fermion generations.
4 Bounds on Higgs boson contributions to the eEDM
P and T violation in the 2HDM leads to an eEDM at two loops via Barr-Zee diagrams
[50–52, 54]. In this section we constraint T violation in the types I-IV 2HDM using the
latest 90% CL ACME II experimental limit on the eEDM, given by [13]
de < 1.1× 10−29 e cm . (19)
As discussed in the previous section, the only source of T violation in the types I-IV 2HDM
in the effective theory up to dimension-six, is a universal T-violating phase in the Higgs
10
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Figure 1: The leading two-loop contributions to the electron electric dipole moment that
involve the Standard Model-like Higgs boson and third-generation fermions in the low en-
ergy effective theory of 2HDMs in the heavy Higgs decoupling limit. The dots represent
parity and time-reversal violating Higgs-fermion interactions. In the 2HDM, these interac-
tions arise from effective dimension-six operators generated by integrating out heavy Higgs
bosons at tree-level. The diagrams with a Z-boson propagator are suppressed by two or-
ders of magnitude with respect to the diagrams with a photon propagator [50], and are
neglected.
Yukawa couplings. This simplifies the determination of the eEDM, since T violation in
the Higgs Yukawas leads only to two relevant types of Barr-Zee diagrams. First, there are
diagrams with third-generation quarks or leptons in the loops with a T-violating Higgs
coupling insertion on one of the fermion lines, illustrated in figure 1. These diagrams have
been calculated in [47, 50, 56]. 3 Second, there are diagrams with W -bosons or ghosts in
the loops illustrated in figure 2, with a T-violating Higgs coupling insertion on the electron
line, which we obtain from [51]. The results in [51] are presented in a unitary mixing
description, so to make use of them we derive the relation between the unitary mixing
description and our effective theory notation in appendix B. All the dimension-six gauge
and fermion couplings of the Higgs needed for the calculation of the different diagrams are
given in section 3.
All the rest of the Barr-Zee diagrams contributing to the eEDM arise either at effective
dimension-eight, or are numerically suppressed so they are neglected in what follows. In
particular and as discussed in the previous section, diagrams with T-violating four-fermion
interactions as in figure 3 (right) are GIM suppressed so they arise only at dimension-eight.
Diagrams with interactions between two W bosons and two fermions as in figure 3 (left),
are of dimension-eight, cf. Eq. (18). Diagrams with charged Higgs bosons replacing the W -
3Our Yukawa coupling conventions for down type fermions differ from the ones in [47,50,56] by hermitian
conjugation.
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Figure 2: Some of the leading two-loop contributions to the electron electric dipole moment
that involve the Standard Model-like Higgs boson and W -boson in the low energy effective
theory of 2HDMs in the heavy Higgs decoupling limit. The dots represent parity and
time-reversal violating Higgs-fermion interactions. In the 2HDM, these interactions arise
from effective dimension-six operators generated by integrating out heavy Higgs bosons
at tree-level. Additional contributions that involve the Standard Model-like Higgs boson
and the W -boson as well as the Z-boson are not shown. The diagrams with a Z-boson
propagator are suppressed by an order of magnitude with respect to the diagrams with a
photon propagator and are neglected [51].
boson in figure 2 require insertions of neutral Higgs Yukawa T violation, so they also arise
at dimension-eight or higher. Diagrams with Z-bosons are numerically small since they are
suppressed by factors of 1− 4 sin2 θW . They lead at to an O(10%) correction of our EDM
results [50, 51], so we neglect them. Finally and for reference, the eEDM in the Standard
Model arises first at four-loops, and the corresponding estimate is de ≤ 10−38 e cm [57].
In summary, we obtain that the eEDM in terms of the T-violating Higgs interactions
at effective dimension-six is given by
de
e
' 2
√
2αGFme
(4pi)3
[
−
(
− 16
3
f(m2t/m
2
h)−
4
3
f(m2b/m
2
h)− 4 f(m2τ/m2h)
+ 2
[
5g(m2W/m
2
h) + 3f(m
2
W/m
2
h) +
3
4
[
g(m2W/m
2
h) + h(m
2
W/m
2
h)
]
− g(m
2
W/m
2
h)− f(m2W/m2h)
2m2W/m
2
h
]
+
1
2 sin2 θW
D(m2W/m
2
h)
)
Imκ`
−
( 16
3
g(m2t/m
2
h) Imκu −
4
3
g(m2b/m
2
h) Imκd − 4g(m2τ/m2h) Imκ`
)
+ O
(
ηfλ2v4
m2H
,
λ2v4
m4H
)]
(20)
where α is the fine structure constant, GF = 1/
√
2v2, me = 0.51 MeV, and the rest of the
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Figure 3: Some of the sub-leading two-loop contributions to the electron electric dipole
moment that involve the W -boson or third-generation fermions in the low energy effective
theory of 2HDMs in the heavy Higgs decoupling limit. The dots represent parity and time-
reversal violating operators of effective dimension-eight generated by integrating out heavy
Higgs bosons at tree-level. Additional sub-leading two loop contributions that involve the
W -boson as well as the Z-boson and charged Higgs boson are not shown.
numerical parameters are known Standard Model particle masses. The functions f(z), g(z)
and D(z) and a summary of the Standard Model parameters used in this work are given in
appendix A, and the T-violating imaginary Higgs Yukawa modifiers Imκu,d,` for the types
I-IV 2HDM are given in table 2. Inserting the expressions in table 2 in the eEDM Eq. (20)
and evaluating the numerical prefactors we obtain,
Type I: de ' 1.43× 10−26 cot β sin δhff¯
[
1 +O
(
λ2v2
mH2
)]
e cm ,
Type II: de '
(
8.77× 10−27 cot β − 5.54× 10−27 tan β) sin δhff¯[1 +O(λ2v2mH2
)]
e cm ,
Type III: de '
(
8.74× 10−27 cot β − 5.57× 10−27 tan β) sin δhff¯[1 +O(λ2v2mH2
)]
e cm ,
Type IV: de '
(
1.43× 10−26 cot β + 2.96× 10−29 tan β) sin δhff¯[1 +O(λ2v2mH2
)]
e cm .
(21)
Expressions (21) are the final result of this work. The eEDM for the types I-IV 2HDM up
to effective dimension-six, can be expressed uniquely in terms of the universal T-violating
dimension-six phase δhff¯ and the ratio of the Higgs vacuum expectation values tan β.
The electron electric dipole moment for the types I-IV 2HDM as a function of the
dimension-six phase δhff¯ and tan β is presented in figure 4. In the figure, we also show
in gray the 90% CL ACME II limits on the eEDM. For the type I 2HDM at tan β = 1,
the phase is constrained by the eEDM limit to be at the per mille level or below. The
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limits are weaker at large values of tan β due to the corresponding suppression of the T-
violating pieces of the Higgs Yukawas (see table 2). For the types II and III 2HDM the
phase is constrained to be below the per mille level for most values of tan β, except in the
region near tan β ' 1.3, where a cancellation between different diagrams contributing to
the eEDM occurs. In the types II and III 2HDM, the constraints are stronger at large values
of tan β due to the corresponding enhancement of the T-violating lepton Higgs Yukawas.
The constraints for the type IV 2HDM are similar to the constraints for type I, but are
stronger at large values of tan β due to a small contribution to the EDM coming from the
T-violating coupling of the Higgs to bottom quarks. Alternatively, expressing the effective
phase δhff¯ in terms of parameters of the two Higgs doublet theory using Eq. (16), limits
may be presented directly in terms of the combination |λ5| sin Arg
(
m412λ
∗
5
)
v2
m2H
. The results
are shown in figure 5.
We also present in figure 6 the eEDM and the corresponding ACME II limits, as a
function of tan β and the imaginary part of the coupling modifier to the up-type quark
Yukawas Imκu, defined in Eq. (14). The complex modifier of the up-type quark Yukawas
is constrained to be at the per mille level or below in all types of 2HDM for all values
of tan β, except in a small region around tan β ' 1.3 for types II and III, due to the
cancellation in the contributions to the EDM mentioned above. Since the imaginary parts
of the Higgs Yukawas share a universal phase and are related by powers of tan β for the
types I-IV 2HDM, the T-violating pieces of up, down and lepton Yukawas are correlated.
For this reason, limits on Imκu are due to both the top quark contribution to the eEDM,
and to the contributions from the rest of the fermions. As an example, for the types II and
III 2HDM, the bounds on Imκu are strong at large tan β since for fixed Imκu, the lepton
coupling modifier Imκ` is quadratically enhanced by tan β, and leads to a large EDM. In
addition, since in the 2HDM with Glashow-Weinberg conditions the coupling modifiers are
family-universal, these bounds apply to the imaginary part of the up, charm and top quark
Yukawas.
In figure 7 we present the eEDM and the corresponding ACME II limits, as a function
of tan β and the imaginary part of the complex coupling modifier to the lepton Yukawas
Imκ`. Note that Imκ` is constrained to be below at the per mille level or below for all
types of 2HDM and all values of tan β, except in the region around tan β ' 1.3 for the
types II-III due to the cancellation discussed above.
Finally and for completeness, in figure 8 we present the results for the eEDM as a
function of tan β and Imκd, the imaginary part of the complex coupling modifier of the
down-type quark Yukawas. We see that time-reversal violation in the down-type quark
Yukawas is generically strongly constrained, except in the type IV 2HDM, where a large
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T-violating down-type Yukawa is still allowed for large values of tan β.
5 Conclusions
In this work, we studied the eEDM in the T-violating types I-IV two Higgs doublet the-
ories near the decoupling limit, using an effective theory approach. We found that the
leading contributions to the EDM come exclusively from Barr-Zee diagrams with effective
dimension-six T-violating Higgs boson Yukawas generated by integrating out the heavy
Higgs bosons. In particular, contributions from heavy Higgs-mediated T-violating four-
fermion interactions are GIM suppressed, and arise only at effective dimension-eight. This
leads to a simplification of the analysis of the eEDM for all the types I-IV 2HDM near the
decoupling limit, allowing to express the EDM entirely in terms of two quantities: tan β
and a single effective dimension-six T-violating phase δhff¯ . The dimension-six phase is
defined by a unique combination of marginal and relevant Higgs potential couplings. No
additional individual reference to the heavy-Higgs masses or Higgs potential couplings is
needed to obtain the eEDM at dimension six.
We presented limits on the effective dimension-six phase for the four types of 2HDM
using the latest ACME II results, and also presented bounds for the T-violating parts
of the Higgs boson Yukawas. We found that T violation in Higgs Yukawas for all the
types I-IV 2HDM and for all fermions is constrained to be at the per mille level times
the corresponding Standard Model Yukawa or below for all values of tan β, except in two
cases. First, for a small region around tan β ' 1.3 for the types II-III 2HDM, destructive
interference between contributions to the eEDM allows for large T-violating Yukawas [47]
to all fermions. The second exception is in the type IV 2HDM, where large T-violating
Yukawas to down-type quarks are still allowed for large values of tan β.
Finally, in appendix D we presented limits on T-violating Higgs boson Yukawa couplings
to the electron, tau lepton, top and bottom quarks for generic theories beyond the types I-
IV 2HDM. We found that T violation in the top and electron Higgs Yukawas is constrained
to be at or below the per mille level times the corresponding Standard Model Yukawa,
while T violation in the bottom and tau Higgs Yukawas is constrained to be below ' 0.3
times the corresponding Standard Model Yukawa.
In this work we did not discuss proposed future measurements of T violation in the
Higgs sector at colliders [58–78]. These measurements could be complementary probes of T
violation in Higgs-Yukawa interactions, especially in regions where destructive interference
in the contribution to the eEDM from T violation in the different Higgs Yukawa interactions
arises.
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A Two-loop Dipole Functions
z f(z)/
√
z g(z)/
√
z f(z)/z g(z)/z h(z)/z D(z)/z
1 0.83 1.17 −0.78 −1.10
m2t/m
2
h 1.90 0.73 1.04
m2b/m
2
h 1.11× 10−3 0.67 0.83
m2τ/m
2
h 2.07× 10−4 0.45 0.54
m2W/m
2
h 0.414 1.47 2.06 −1.25 −2.49
Table 3: Numerical values for kinematic factors of the two-loop dipole functions defined
in appendix A evaluated at physical values of the mass parameters. The kinematic factors
are equal to the two-loop functions with either a factor of the fermion mass or gauge boson
mass squared factored out. The pole masses used in the kinematic factors are mt ' 172.5
GeV, mb ' 4.2 GeV, mτ ' 1.8 GeV, mW ' 80.4 GeV, mh ' 125 GeV. The MS fermion
masses used for the single overall factor proportional to Yukawa couplings in the two-loop
functions are mt(mt) ' 163 GeV, mb(mh) ' 2.8 GeV, mτ (mh) ' 1.7 GeV.
The two-loop dipole functions f(z), g(z) and h(z) that appear in the expression for the
electron electric dipole are [50,51]
f(z) =
z
2
∫ 1
0
dx
1− 2x(1− x)
x(1− x)− z ln
[ x(1− x)
z
]
g(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z ln
[ x(1− x)
z
]
h(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z
(
z
x(1− x)− z ln
[ x(1− x)
z
]
− 1
)
(22)
The two-loop function D(z) is [51]
D(z) =
5∑
i=1
Di(z) (23)
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where
D1(z) = −1
2
∫ 1
0
dx
∫ 1−x
0
dy
x
B(x, y, z)
(
2C(x, y, z)
B(x, y, z)
[
3A(x, y, z)− 2xy]− [3a(x)− 2xy
a(x)
])
D2(z) =
∫ 1
0
dx
∫ 1−x
0
dy x
(
C ′(x, y, z)
[
3A(x, y, z)− 2xy
B2(x, y, z)
+
1 + 3x(1− 2y)/(2a(x))
B(x, y, z)
+
3
2a(x)
]
+
3A(x, y, z)− 2xy
2a(x)B(x, y, z)
)
D3(z) =
∫ 1
0
dx
∫ 1−x
0
dy
x2y
a(x)(1− y − b)
(
b(x, z)
1− y − b(x, z) ln
[
1− y
b(x, z)
]
− 1
)
D4(z) = −1
8
∫ 1
0
dx
∫ 1−x
0
dy
(
1
zB(x, y, z)
[
1− 2a(x)C(x, y, z)
B(x, y, z)
]
+
x
B(x, y, z)
[
1− 2A(x, y, z)C(x, y, z)
B(x, y, z)
])
D5(z) =
1
8
∫ 1
0
dx
∫ 1−x
0
dy
x
a(x)
(
C ′(x, y, z)
B2(x, y, z)
[
x(2x− 1)a(x) + x(3x− 1)B(x, y, z)
− 2B2(x, y, z)
]
− 2
[
1− x(2x− 1)
4B(x, y, z)
])
(24)
with
a(x) = x(1− x)
b(x, z) = a(x)/z
A(x, y, z) = x+ y/z
B(x, y, z) = A(x, y, z)− a(x)
B′(x, y, z) = A(x, y, z)− a(y)
C(x, y, z) =
A(x, y, z)
B(x, y, z)
ln
[ A(x, y, z)
a(x)
]
− 1
C ′(x, y, z) =
a(x)
B(x, y, z)
ln
[ A(x, y, z)
a(x)
]
− 1 (25)
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B Relation Between 2HDM Effective Theory and Uni-
tary Mixing Languages
The W -boson two-loop eEDM diagrams in [51] are expressed in the unitary mixing de-
scription proposed in [45]. In this appendix we provide the connection between the unitary
mixing and effective field theory notations. In the unitary mixing description, T violation
in the 2HDM arises due to mixing of neutral Higgs bosons. Reference [45] defines neutral
Higgs boson mixing function,
A0(q
2) ≡ 2e
i(ξ1−ξ2)
v1v2
〈
0|Φ02Φ0∗1 |0
〉
, (26)
where v1 and v2 are the condensates defined in Eq. (3) and (4). Note that the phases ξ1,2
are not gauge invariant. We work in the gauge
ξ1 = −ξ2 = −1
2
ξ (Gauge choice) (27)
Reference [45] then defines the wave-function factors Z0, Z
′
0 and Z
′′
0 from the equality
A0(q
2) =
1
v2
Z0
q2 +m2ϕ1
+
1
v2
Z02
q2 +m2ϕ2
+
1
v2
Z03
q2 +m2ϕ3
, (28)
where φ1,2,3 are the neutral Higgs mass eigenstates, ordered by increasing value of mass.
The W -boson two-loop eEDM diagrams in [51] are expressed as functions of ImZ0, the
wave-function factor of the lightest neutral Higgs. We dedicate the rest of this appendix
to find the relation between the wave-function factor ImZ0 and our effective dimension-six
T-violating phase δhff¯ defined in Eq. (15). The strategy will be to first find ImZ0 as a
function of Higgs potential parameters, to then compare directly with expression (15).
The function ImZ0 is most easily obtained as a function of Higgs potential parameters
using the Higgs basis. We define Higgs basis doublets
e−iξ/2H1 = cos β Φ1 + sin β e−iξ Φ2 ,
H2 = − sin β eiξ Φ1 + cos β Φ2 , (29)
such that in the new basis, only one of the doublets is responsible for EWSB
v2
2
= 〈H†1H1〉 , 0 = 〈H†2H2〉 . (30)
The Higgs basis potential is
V (H1, H2) = m˜
2
1H
†
1H1 + m˜
2
2H
†
2H2 +
(
m˜212H
†
1H2 + h.c.
)
+
1
2
λ˜1(H
†
1H1)
2 +
1
2
λ˜2(H
†
2H2)
2 + λ˜3(H
†
2H2)(H
†
1H1) + λ˜4(H
†
2H1)(H
†
1H2)
+
[
1
2
λ˜5(H
†
1H2)
2 + λ˜6H
†
1H1H
†
1H2 + λ˜7(H
†
2H2)(H
†
1H2) + h.c.
]
. (31)
18
We also define Higgs basis fields
H01 =
1√
2
(
v + h1 + iG
0
)
,
H02 =
1√
2
eiArg(λ˜
∗
5)/2
(
h2 + ih3
)
,
H+1 = G
+ ,
H+2 = e
iArg(λ˜∗5)/2 H+ . (32)
The charged Higgs does not mediate T violation in the unitary mixing description [45],
so we concentrate on the neutral Higgs bosons. The massive neutral components of the
doublets in the original basis can be expressed in term of neutral Higgs basis fields Eq.
(32),
Φ0a = Naj hj a = 1, 2 , i = 1..3 , (33)
where Naj is a non-unitary matrix fixed by Eq. (29) and (32),
N11 =
1√
2
e−iξ/2 cos β N21 = 1√2 e
iξ/2 sin β
N12 = − 1√2eiArg(λ˜
∗
5)/2e−iξ sin β N22 = 1√2e
iArg(λ˜∗5)/2e−iξ cos β
N13 = − 1√2i eiArg(λ˜
∗
5)/2e−iξ sin β N23 = 1√2i e
iArg(λ˜∗5)/2e−iξ cos β
. (34)
The neutral massive eigenstates ϕ1,2,3 are combinations of the Higgs basis neutral states
h1,2,3. We identify the lightest mass eigenstate h ≡ ϕ1 with the 125 GeV Higgs. The Higgs
basis neutral states in terms of the massive eigenstates are
hi = V̂
a
i ϕa , (35)
where the matrix V̂ is given in [41]. In particular, the projections of Higgs basis states into
the Higgs ϕ1 are given by the complex alignment parameter Ξ [41]
V̂ 11 =
√
1− |Ξ|2 V̂ 12 = Re Ξ V̂ 13 = Im Ξ , Ξ ∈ C1 . (36)
The complex alignment parameter at lowest order in an expansion of the electroweak scale
over the heavy Higgs mass scale is given by [41]
Ξ eiArg(λ˜
∗
5)/2 = −λ˜∗6
v2
m2H
+O
(
λ3v4
m4H
)
. (37)
We now express the correlation functions Eq. (26) in terms of projections into neutral
massive eigenstates,
A0(q
2) =
2e−iξ
v2 sin β cos β
1
q2 +m2ϕa
[
V̂ ai N2i
][
V̂ aj N1j
]∗
. (38)
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where we sum over repeated indices. Here we consider only T violation in the propagation
of the lightest mass eigenstate, which is all the source of T violation in the low energy
theory at effective dimension-six as shown in section 3. Comparing Eq. (38) and (28) we
obtain
Z0 =
2e−iξ
sin β cos β
[
V̂ 1i N2i
][
V̂ 1j N1j
]∗
. (39)
Using Eq. (34), (36) and (37) in (39) we obtain
ImZ0 = Im
[
e−
i
2
ξe
i
2
Arg(λ˜∗5) Ξ
√
1− |Ξ|2 cot β − e i2 ξe− i2 Arg(λ˜∗5) Ξ
√
1− |Ξ|2 tan β
]
= − v
2
m2H
Im
[
e−iξ/2λ˜∗6 cot β − eiξ/2λ˜6 tan β
]
+O
(
λ3v4
m4H
)
. (40)
The Higgs basis coupling λ˜6 in the above expression may be rewritten in terms of Higgs
potential couplings of the original Glashow-Weinberg Higgs doublet basis, using the basis
transformation relation Eq. (29). The result is [41]
λ˜6e
iξ/2 = −1
2
sin 2β
(
λ1 cos
2 β − λ2 sin2 β − λ345 cos 2β − iIm(λ5e2iξ)
)
. (41)
Using Eq. (41) in (40) we obtain
ImZ0 =
1
2
(cot β + tan β) sin 2β
v2
m2H
Im(λ5e
2iξ) +O
(
λ3v4
m4H
)
= −(cot β + tan β) sin δhff¯ +O
(
λ3v4
m4H
)
. (42)
where in the last line we made use of the definition of the effective dimension-six phase
δhff¯ in Eq. (15).
Alternatively, we may express ImZ0 in terms of the complex coupling modifiers of the
lepton Yukawas, which are responsible for T violation in the W boson mediated two-loop
diagrams. Since in [51] the W -boson mediated EDM diagrams are calculated for the type
II 2HDM, we must use the relation Imκ` = tan β sin δhff¯ from table 2. We obtain
ImZ0 = − Imκ`
sin2 β
+O
(λ3v4
m4H
)
. (43)
The W -boson two-loop eEDM diagrams for the rest of the two Higgs doublet theories
(types I,III and IV), may then be simply obtained by replacing Imκ` by the corresponding
expression from table 2.
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C Effective dimension-six phase in terms of Higgs po-
tential phases
In this appendix we derive an expression for the effective dimension-six phase defined in Eq.
(15) purely in terms of Higgs potential parameters, by solving for the condensate phase ξ
using the Higgs potential minimization conditions. The Higgs potential Eq. (2) evaluated
in the neutral vacuum defined in Eq. (3) is given by
V (v1, v2, ξ) =
1
2
m21v
2
1 +
1
2
m22v
2
2 +
1
8
λ1v
4
1 +
1
8
λ2v
4
2 +
1
4
(
λ3 + λ4)v
2
1v
2
2
+ Re
(
− v1v2m212eiξ +
1
4
v21v
2
2λ5e
2iξ
)
. (44)
The minimization condition of the condensate potential Eq. (44) for the effective phase ξ
is
∂V
∂ ξ
= 0 =
1
2
v2 sin 2β
[
Im(m212e
iξ)− 1
4
v2 sin 2β Im(λ5e
2iξ)
]
, (45)
or equivalently, for sin 2β 6= 0
Im (m212e
iξ
)
=
1
4
v2 Im(λ5e
2iξ) sin 2β . (46)
Dividing Eq. (46) by |m12|2, we obtain
Im
(
eiArgm
2
12eiξ
)
=
1
4
v2
|m12|2 Im(λ5e
2iξ) sin 2β . (47)
In the unitary mixing language, the mass term |m212| is related to the heavy Higgs masses
through [41]
|m212| = m2H
[
1
2
sin 2β +O
(
λv2
m2H
)]
, (48)
so to lowest order in v2/m2H the EWSB condition Eq. (47) may be rewritten as
Im
(
eiArgm
2
12eiξ
)
=
1
2
v2
m2H
Im
(
λ5e
2iξ
)[
1 +O
(
λv2
m2H
)]
, (49)
or equivalently
sin
(
Argm212 + iξ
)
=
1
2
|λ5| v
2
m2H
sin
(
Argλ5 + 2iξ
)[
1 +O
(
λv2
m2H
)]
, (50)
so we find
ξ = −Argm212 +O
(
λv2
m2H
)
. (51)
21
Using Eq. (51) in the effective dimension-six phase Eq. (15) we obtain the effective phase
in terms of Higgs potential parameters,
sin δhff¯ ≡ −
1
2
sin(2β) Im(λ5e
2iξ)
v2
m2H
= −1
2
sin(2β) Im(λ5e
−2iArgm212)
v2
m2H
[
1 +O
(
λv2
m2H
)]
=
1
2
|λ5| sin(2β) sin Arg
(
m412λ
∗
5
) v2
m2H
[
1 +O
(
λv2
m2H
)]
. (52)
D Bounds on generic theories with P- and T-violating
Higgs Yukawa interactions
As discussed in section 4, keeping track of correlations between the Yukawa interactions to
different fermions is important for calculating the eEDM in the types I-IV 2HDM. Since the
correlations are specific to each type of 2HDM, the limits presented above are not easily
applicable to other theories with T-violating Higgs-Yukawa interactions. To cover other
theories beyond the types I-IV 2HDM, in this appendix we calculate the eEDM and set
limits on generic theories with T violation in individual Higgs Yukawa interactions. For
concreteness, in this section we allow only for T violation in the Higgs interactions with the
electron and with third-generation fermions. We parametrize T violation in Higgs fermion
interactions using complex coupling modifiers. In the fermion mass eigenbasis, the complex
modifiers κf are defined as
λfhij = δij
mfi
v
( 1 + κf ) , (53)
where in f = e, τ, t, b and the Yukawa couplings are defined with the conventions in Eq.
(12). The phase of the complex coupling modifier is a physical T-violating phase, since it
measures the relative phase between the Yukawa coupling and the corresponding fermion
mass, which here is taken to be real. Differently from the case of the types I-IV 2HDM
discussed in the body of this paper, here the coupling modifiers to the different Standard
Model fermions are independent parameters. The complex modifiers may arise from a
short-distance dimension-six cubic Higgs Yukawa operator as in [17, 19, 79]. Since we are
interested in setting limits on the T-violating piece of the complex coupling modifiers,
for simplicity we assume that Reκf = 0. In the case of third-generation fermions, this
assumption is also an approximation to the currently measured values of overall coupling
modifiers [6–12].
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The leading contributions of the above T-violating Higgs Yukawa interactions to the
eEDM come from two types of Barr-Zee diagrams. For T violation in the electron Yukawa,
the leading contributions arise from two-loop diagrams with third-generation fermions in
the loop, as in figure 1 (left), or from diagrams with W -bosons (or ghosts), as in figure
2. For T violation in the Higgs interactions with the τ lepton, top or bottom quarks, the
leading contributions come from diagrams with the corresponding fermion in the loop, as
illustrated in figure 1 (right). The eEDM from these diagrams in terms of T-violating
coupling modifiers is
de
e
' 2
√
2αGFme
(4pi)3
[
−
(
− 16
3
f(m2t/m
2
h)−
4
3
f(m2b/m
2
h)− 4 f(m2τ/m2h)
+ 2
[
5g(m2W/m
2
h) + 3f(m
2
W/m
2
h) +
3
4
[
g(m2W/m
2
h) + h(m
2
W/m
2
h)
]
− g(m
2
W/m
2
h)− f(m2W/m2h)
2m2W/m
2
h
]
+
1
2 sin2 θW
D(m2W/m
2
h)
)
Imκe
−
( 16
3
g(m2t/m
2
h) Imκt −
4
3
g(m2b/m
2
h) Imκb − 4g(m2τ/m2h) Imκτ
) ]
.
(54)
Comparing Eq. (54) with the ACME II limit Eq. (19), we set limits on the T-violating
electron, tau, top and bottom Yukawa interactions. We first set limits allowing for only
one of the Yukawa coupling modifiers to be non-zero at a time. We obtain
|Imκe| < 2.0× 10−3
|Imκτ | < 3.0× 10−1
|Imκt| < 1.3× 10−3
|Imκb| < 3.7× 10−1 . (55)
T violation in the electron and top Yukawa is strongly constrained to be at or below the
per mille level times the corresponding Standard Model Yukawa. Our limits are consistent
with the ones presented in [79, 80] using the previous ACME limit [81]. The limits on
the tau and bottom T-violating Yukawa modifiers are weaker, since the tau and bottom
contributions to the eEDM come from the diagrams in figure 1 (left), which are suppressed
by small tau and bottom mass insertions.
The limits change when two or more T-violating Higgs Yukawa interactions are non-
zero, since destructive interference between different contributions to the eEDM may arise.
Consider for instance allowing for T violation in both the top and tau Yukawa interactions.
Contours of the eEDM as a function of Imκt and Imκτ and the corresponding ACME II
23
limits are presented in figure 9. In figure 9 (left), we present the results considering the
same sign for Imκτ and Imκt, whereas in figure 9 (right) we consider the opposite sign. In
the former case, destructive interference is possible 4. An exact cancellation between the
top and tau contributions to the eEDM happens around Imκτ ' 2.4 × 102 Imκt. In this
region, T violation in the top and tau Higgs Yukawa interactions cannot be constrained by
limits on the eEDM. On the other hand, if we allow for T violation in the top and electron
Yukawa modifiers instead, the results are presented in figure 10 for the two possible choices
of relative signs between the two Yukawa modifiers. In this case, due to a difference in sign
in the relevant diagrams for electron and top T-violating Yukawas, destructive interference
arises when the sign of the imaginary part of these two Yukawas is the opposite. A complete
cancellation between the two contributions happens around Imκe ' −1.6 Imκt. Finally,
in figure 11 we allow for T violation in the bottom and electron Yukawas. A complete
cancellation of the contributions to the eEDM occurs for Imκb ' 1.9× 102 Imκe.
References
[1] G. Aad et al. [ATLAS Collaboration], “Observation of a new particle in the search
for the Standard Model Higgs boson with the ATLAS detector at the LHC,” Phys.
Lett. B 716, 1 (2012) [arXiv:1207.7214 [hep-ex]].
[2] S. Chatrchyan et al. [CMS Collaboration], “Observation of a new boson at a mass
of 125 GeV with the CMS experiment at the LHC,” Phys. Lett. B 716, 30 (2012)
[arXiv:1207.7235 [hep-ex]].
[3] G. Aad et al. [ATLAS Collaboration], Eur. Phys. J. C 76, no. 1, 6 (2016)
[arXiv:1507.04548 [hep-ex]].
[4] V. Khachatryan et al. [CMS Collaboration], “Precise determination of the mass of
the Higgs boson and tests of compatibility of its couplings with the standard model
predictions using proton collisions at 7 and 8 TeV,” Eur. Phys. J. C 75, no. 5, 212
(2015) [arXiv:1412.8662 [hep-ex]].
[5] The ATLAS and CMS Collaborations, “Measurements of the Higgs boson production
and decay rates and constraints on its couplings from a combined ATLAS and CMS
analysis of the LHC pp collision data at
√
s = 7 and 8 TeV,” ATLAS-CONF-2015-044.
[6] The ATLAS collaboration [ATLAS Collaboration], ATLAS-CONF-2018-031.
4We remind the reader that our Yukawa conventions Eq. (12) introduce a sign difference in the imaginary
part of the up-type quark and lepton Yukawas
24
[7] M. Aaboud et al. [ATLAS Collaboration], Phys. Lett. B 784, 173 (2018)
doi:10.1016/j.physletb.2018.07.035 [arXiv:1806.00425 [hep-ex]].
[8] The ATLAS collaboration [ATLAS Collaboration], ATLAS-CONF-2018-036.
[9] The ATLAS collaboration [ATLAS Collaboration], ATLAS-CONF-2018-021.
[10] CMS Collaboration [CMS Collaboration], CMS-PAS-HIG-17-031.
[11] A. M. Sirunyan et al. [CMS Collaboration], Phys. Rev. Lett. 120, no. 23, 231801
(2018) doi:10.1103/PhysRevLett.120.231801, 10.1130/PhysRevLett.120.231801
[arXiv:1804.02610 [hep-ex]].
[12] CMS Collaboration [CMS Collaboration], CMS-PAS-HIG-18-007.
[13] V. Andreev et al. [ACME Collaboration], Nature 562, no. 7727, 355 (2018).
doi:10.1038/s41586-018-0599-8
[14] L. D. McLerran, M. E. Shaposhnikov, N. Turok and M. B. Voloshin, Phys. Lett. B
256, 451 (1991). doi:10.1016/0370-2693(91)91794-V
[15] N. Turok and J. Zadrozny, Nucl. Phys. B 358, 471 (1991). doi:10.1016/0550-
3213(91)90356-3
[16] A. G. Cohen, D. B. Kaplan and A. E. Nelson, Phys. Lett. B 263, 86 (1991).
doi:10.1016/0370-2693(91)91711-4
[17] X. Zhang, S. K. Lee, K. Whisnant and B. L. Young, Phys. Rev. D 50, 7042 (1994)
doi:10.1103/PhysRevD.50.7042 [hep-ph/9407259].
[18] J. M. Cline, K. Kainulainen and A. P. Vischer, Phys. Rev. D 54, 2451 (1996)
doi:10.1103/PhysRevD.54.2451 [hep-ph/9506284].
[19] D. Bodeker, L. Fromme, S. J. Huber and M. Seniuch, JHEP 0502, 026 (2005)
doi:10.1088/1126-6708/2005/02/026 [hep-ph/0412366].
[20] L. Fromme, S. J. Huber and M. Seniuch, JHEP 0611, 038 (2006) doi:10.1088/1126-
6708/2006/11/038 [hep-ph/0605242].
[21] L. Fromme and S. J. Huber, JHEP 0703, 049 (2007) doi:10.1088/1126-
6708/2007/03/049 [hep-ph/0604159].
25
[22] J. M. Cline, K. Kainulainen and M. Trott, JHEP 1111, 089 (2011)
doi:10.1007/JHEP11(2011)089 [arXiv:1107.3559 [hep-ph]].
[23] J. Shu and Y. Zhang, Phys. Rev. Lett. 111, no. 9, 091801 (2013)
doi:10.1103/PhysRevLett.111.091801 [arXiv:1304.0773 [hep-ph]].
[24] G. C. Dorsch, S. J. Huber, T. Konstandin and J. M. No, JCAP 1705, no. 05, 052
(2017) doi:10.1088/1475-7516/2017/05/052 [arXiv:1611.05874 [hep-ph]].
[25] P. Basler, M. Mhlleitner and J. Wittbrodt, JHEP 1803, 061 (2018)
doi:10.1007/JHEP03(2018)061 [arXiv:1711.04097 [hep-ph]].
[26] D. Egana-Ugrinovic, JHEP 1712, 064 (2017) doi:10.1007/JHEP12(2017)064
[arXiv:1707.02306 [hep-ph]].
[27] S. Bruggisser, T. Konstandin and G. Servant, JCAP 1711, no. 11, 034 (2017)
doi:10.1088/1475-7516/2017/11/034 [arXiv:1706.08534 [hep-ph]].
[28] J. de Vries, M. Postma, J. van de Vis and G. White, JHEP 1801, 089 (2018)
doi:10.1007/JHEP01(2018)089 [arXiv:1710.04061 [hep-ph]].
[29] F. P. Huang, Z. Qian and M. Zhang, Phys. Rev. D 98, no. 1, 015014 (2018)
doi:10.1103/PhysRevD.98.015014 [arXiv:1804.06813 [hep-ph]].
[30] S. Bruggisser, B. Von Harling, O. Matsedonskyi and G. Servant, arXiv:1804.07314
[hep-ph].
[31] T. D. Lee, Phys. Rev. D 8, 1226 (1973). doi:10.1103/PhysRevD.8.1226
[32] T. D. Lee, Phys. Rept. 9, 143 (1974). doi:10.1016/0370-1573(74)90020-9
[33] P. Fayet, Nucl. Phys. B 78, 14 (1974). doi:10.1016/0550-3213(74)90113-8
[34] S. L. Glashow and S. Weinberg, “Natural Conservation Laws for Neutral Currents,”
Phys. Rev. D 15, 1958 (1977). doi:10.1103/PhysRevD.15.1958
[35] A. J. Buras, M. V. Carlucci, S. Gori and G. Isidori, JHEP 1010, 009 (2010)
doi:10.1007/JHEP10(2010)009 [arXiv:1005.5310 [hep-ph]].
[36] A. Pich and P. Tuzon, Phys. Rev. D 80, 091702 (2009)
doi:10.1103/PhysRevD.80.091702 [arXiv:0908.1554 [hep-ph]].
26
[37] S. Gori, H. E. Haber and E. Santos, JHEP 1706, 110 (2017)
doi:10.1007/JHEP06(2017)110 [arXiv:1703.05873 [hep-ph]].
[38] N. Craig, J. Galloway and S. Thomas, “Searching for Signs of the Second Higgs
Doublet,” arXiv:1305.2424 [hep-ph].
[39] H. E. Haber and Y. Nir, Nucl. Phys. B 335, 363 (1990). doi:10.1016/0550-
3213(90)90499-4
[40] J. F. Gunion and H. E. Haber, “The CP conserving two Higgs doublet model: The
Approach to the decoupling limit,” Phys. Rev. D 67, 075019 (2003).
[41] D. Egana-Ugrinovic and S. Thomas, arXiv:1512.00144 [hep-ph].
[42] M. Carena, I. Low, N. R. Shah and C. E. M. Wagner, JHEP 1404, 015 (2014)
doi:10.1007/JHEP04(2014)015 [arXiv:1310.2248 [hep-ph]].
[43] H. E. Haber, arXiv:1805.05754 [hep-ph].
[44] P. S. Bhupal Dev and A. Pilaftsis, JHEP 1412, 024 (2014) Erratum: [JHEP 1511, 147
(2015)] doi:10.1007/JHEP11(2015)147, 10.1007/JHEP12(2014)024 [arXiv:1408.3405
[hep-ph]].
[45] S. Weinberg, Phys. Rev. D 42, 860 (1990). doi:10.1103/PhysRevD.42.860
[46] S. Ipek, Phys. Rev. D 89, no. 7, 073012 (2014) doi:10.1103/PhysRevD.89.073012
[arXiv:1310.6790 [hep-ph]].
[47] L. Bian, T. Liu and J. Shu, Phys. Rev. Lett. 115, 021801 (2015)
doi:10.1103/PhysRevLett.115.021801 [arXiv:1411.6695 [hep-ph]].
[48] S. Inoue, M. J. Ramsey-Musolf and Y. Zhang, Phys. Rev. D 89, no. 11, 115023 (2014)
doi:10.1103/PhysRevD.89.115023 [arXiv:1403.4257 [hep-ph]].
[49] A. Arbey, F. Mahmoudi, O. Stal and T. Stefaniak, Eur. Phys. J. C 78, no. 3, 182
(2018) doi:10.1140/epjc/s10052-018-5651-1 [arXiv:1706.07414 [hep-ph]].
[50] S. M. Barr and A. Zee, “Electric Dipole Moment of the Electron and of the Neu-
tron,” Phys. Rev. Lett. 65, 21 (1990) Erratum: [Phys. Rev. Lett. 65, 2920 (1990)].
doi:10.1103/PhysRevLett.65.21
[51] R. G. Leigh, S. Paban and R. M. Xu, Nucl. Phys. B 352, 45 (1991). doi:10.1016/0550-
3213(91)90128-K
27
[52] J. F. Gunion and R. Vega, Phys. Lett. B 251, 157 (1990). doi:10.1016/0370-
2693(90)90246-3
[53] D. Chang, W. Y. Keung and T. C. Yuan, Phys. Rev. D 43, 14 (1991).
doi:10.1103/PhysRevD.43.R14
[54] T. Abe, J. Hisano, T. Kitahara and K. Tobioka, JHEP 1401, 106 (2014) Erratum:
[JHEP 1604, 161 (2016)] doi:10.1007/JHEP01(2014)106, 10.1007/JHEP04(2016)161
[arXiv:1311.4704 [hep-ph]].
[55] C. Jarlskog, Phys. Rev. Lett. 55, 1039 (1985). doi:10.1103/PhysRevLett.55.1039
[56] M. Jung and A. Pich, JHEP 1404, 076 (2014) doi:10.1007/JHEP04(2014)076
[arXiv:1308.6283 [hep-ph]].
[57] M. E. Pospelov and I. B. Khriplovich, Sov. J. Nucl. Phys. 53, 638 (1991) [Yad. Fiz.
53, 1030 (1991)].
[58] G. Aad et al. [ATLAS Collaboration], Eur. Phys. J. C 76, no. 12, 658 (2016)
doi:10.1140/epjc/s10052-016-4499-5 [arXiv:1602.04516 [hep-ex]].
[59] X. Chen [ATLAS and CMS Collaborations], arXiv:1703.07675 [hep-ex].
[60] D. Zanzi [ATLAS and CMS Collaborations], Nucl. Part. Phys. Proc. 287-288, 115
(2017) doi:10.1016/j.nuclphysbps.2017.03.057 [arXiv:1703.10259 [hep-ex]].
[61] R. Harnik, A. Martin, T. Okui, R. Primulando and F. Yu, Phys. Rev. D 88, no. 7,
076009 (2013) doi:10.1103/PhysRevD.88.076009 [arXiv:1308.1094 [hep-ph]].
[62] S. Berge, W. Bernreuther and H. Spiesberger, Phys. Lett. B 727, 488 (2013)
doi:10.1016/j.physletb.2013.11.006 [arXiv:1308.2674 [hep-ph]].
[63] Y. Sun, X. F. Wang and D. N. Gao, Int. J. Mod. Phys. A 29, 1450086 (2014)
doi:10.1142/S0217751X14500869 [arXiv:1309.4171 [hep-ph]].
[64] I. Anderson et al., Phys. Rev. D 89, no. 3, 035007 (2014)
doi:10.1103/PhysRevD.89.035007 [arXiv:1309.4819 [hep-ph]].
[65] M. Chen et al., Phys. Rev. D 89, no. 3, 034002 (2014)
doi:10.1103/PhysRevD.89.034002 [arXiv:1310.1397 [hep-ph]].
[66] C. Y. Chen, S. Dawson and Y. Zhang, JHEP 1506, 056 (2015)
doi:10.1007/JHEP06(2015)056 [arXiv:1503.01114 [hep-ph]].
28
[67] A. Askew, P. Jaiswal, T. Okui, H. B. Prosper and N. Sato, Phys. Rev. D 91, no. 7,
075014 (2015) doi:10.1103/PhysRevD.91.075014 [arXiv:1501.03156 [hep-ph]].
[68] N. Belyaev, R. Konoplich, L. E. Pedersen and K. Prokofiev, Phys. Rev. D 91, no. 11,
115014 (2015) doi:10.1103/PhysRevD.91.115014 [arXiv:1502.03045 [hep-ph]].
[69] M. R. Buckley and D. Goncalves, Phys. Rev. Lett. 116, no. 9, 091801 (2016)
doi:10.1103/PhysRevLett.116.091801 [arXiv:1507.07926 [hep-ph]].
[70] S. Berge, W. Bernreuther and S. Kirchner, Phys. Rev. D 92, 096012 (2015)
doi:10.1103/PhysRevD.92.096012 [arXiv:1510.03850 [hep-ph]].
[71] L. Bian, N. Chen and Y. Zhang, Phys. Rev. D 96, no. 9, 095008 (2017)
doi:10.1103/PhysRevD.96.095008 [arXiv:1706.09425 [hep-ph]].
[72] X. Chen and Y. Wu, Eur. Phys. J. C 77, no. 10, 697 (2017) doi:10.1140/epjc/s10052-
017-5258-y [arXiv:1703.04855 [hep-ph]].
[73] K. Hagiwara, K. Ma and H. Yokoya, JHEP 1606, 048 (2016)
doi:10.1007/JHEP06(2016)048 [arXiv:1602.00684 [hep-ph]].
[74] G. Li, H. R. Wang and S. h. Zhu, Phys. Rev. D 93, no. 5, 055038 (2016)
doi:10.1103/PhysRevD.93.055038 [arXiv:1506.06453 [hep-ph]].
[75] J. Brehmer, F. Kling, T. Plehn and T. M. P. Tait, Phys. Rev. D 97, no. 9, 095017
(2018) doi:10.1103/PhysRevD.97.095017 [arXiv:1712.02350 [hep-ph]].
[76] E. Barberio, B. Le, E. Richter-Was, Z. Was, D. Zanzi and J. Zaremba, Phys. Rev.
D 96, no. 7, 073002 (2017) doi:10.1103/PhysRevD.96.073002 [arXiv:1706.07983 [hep-
ph]].
[77] T. Han, S. Mukhopadhyay, B. Mukhopadhyaya and Y. Wu, JHEP 1705, 128 (2017)
doi:10.1007/JHEP05(2017)128 [arXiv:1612.00413 [hep-ph]].
[78] F. U. Bernlochner, C. Englert, C. Hays, K. Lohwasser, H. Mildner, A. Pilkington,
D. D. Price and M. Spannowsky, arXiv:1808.06577 [hep-ph].
[79] W. Altmannshofer, J. Brod and M. Schmaltz, JHEP 1505, 125 (2015)
doi:10.1007/JHEP05(2015)125 [arXiv:1503.04830 [hep-ph]].
[80] J. Brod, U. Haisch and J. Zupan, JHEP 1311, 180 (2013)
doi:10.1007/JHEP11(2013)180 [arXiv:1310.1385 [hep-ph]].
29
[81] J. Baron et al. [ACME Collaboration], Science 343, 269 (2014)
doi:10.1126/science.1248213 [arXiv:1310.7534 [physics.atom-ph]].
30
��-����-��
��-� ��-� ��-� ��-�
���
���
��-��
��-��
��-� ��-� ��-� ��-�
���
���
��-��
��-��
��-� ��-� ��-� ��-�
���
���
��-��
��-� ��-� ��-� ��-�
���
���
Figure 4: The leading contributions to the magnitude of the electron electric dipole moment
in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that
satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet
expectation values, tan β, and the single effective-dimension-six parity and time reversal
violating phase that appears in Yukawa couplings of the Standard Model-like Higgs boson
to fermions, sin δhff¯ . The shaded region is excluded at 90% CL by the current bound
on the electron electric dipole moment of |de| < 1.1 × 10−29 e cm from the ACME II
experiment [13].
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Figure 5: The leading contributions to the magnitude of the electron electric dipole moment
in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that
satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet
expectation values, tan β, and the Glashow-Weinberg basis Higgs potential parameters
|λ5 sin Arg(m412λ∗5)| v2/m2H . The shaded region is excluded at 90% CL by the current bound
on the electron electric dipole moment of |de| < 1.1 × 10−29 e cm from the ACME II
experiment [13].
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Figure 6: The leading contributions to the magnitude of the electron electric dipole moment
in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that
satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet
expectation values, tan β, and the imaginary part of the multiplicative modification of the
Yukawa coupling of the Standard Model-like Higgs boson to the up-type quarks, Imκu.
The shaded region is excluded at 90% CL by the current bound on the electron electric
dipole moment of |de| < 1.1× 10−29 e cm from the ACME II experiment [13].
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Figure 7: The leading contributions to the magnitude of the electron electric dipole moment
in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that
satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet
expectation values, tan β, and the imaginary part of the multiplicative modification of the
Yukawa coupling of the Standard Model-like Higgs boson to leptons, Imκ`. The shaded
region is excluded at 90% CL by the current bound on the electron electric dipole moment
of |de| < 1.1× 10−29 e cm from the ACME II experiment [13].
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Figure 8: The leading contributions to the magnitude of the electron electric dipole moment
in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that
satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet
expectation values, tan β, and the imaginary part of the complex modifier of the Yukawa
coupling of the Standard Model-like Higgs boson to down-type quarks, Imκd. The shaded
region is excluded at 90% CL by the current bound on the electron electric dipole moment
of |de| < 1.1× 10−29 e cm from the ACME II experiment [13].
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Figure 9: Contributions to the magnitude of the electron electric dipole moment in units
of e cm from a theory with P- and T-violating Higgs Yukawa couplings to the top quark
and tau lepton. κt,τ are coupling modifiers defined in Eq. (53), which are assumed to be
purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set
to their Standard Model values. The shaded region is excluded at 90% CL by the current
bound on the electron electric dipole moment of |de| < 1.1 × 10−29 e cm from the ACME
II experiment [13].
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Figure 10: Contributions to the magnitude of the electron electric dipole moment in units
of e cm from a theory with P- and T-violating Higgs Yukawa couplings to the top quark
and electron. κt,e are coupling modifiers defined in Eq. (53), which are assumed to be
purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set
to their Standard Model values. The shaded region is excluded at 90% CL by the current
bound on the electron electric dipole moment of |de| < 1.1 × 10−29 e cm from the ACME
II experiment [13].
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Figure 11: Contributions to the magnitude of the electron electric dipole moment in units
of e cm from a theory with P- and T-violating Higgs Yukawa couplings to the bottom
quark and electron. κb,e are coupling modifiers defined in Eq. (53), which are assumed to
be purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set
to their Standard Model values. The shaded region is excluded at 90% CL by the current
bound on the electron electric dipole moment of |de| < 1.1 × 10−29 e cm from the ACME
II experiment [13].
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